Prevalence of sleep disordered breathing in pediatric orthodontic patients by Fritz, Kristen Hurley
 PREVALENCE OF SLEEP DISORDERED BREATHING IN  
PEDIATRIC ORTHODONTIC PATIENTS 
 
 
 
Kristen H. Fritz, D.D.S. 
 
 
 
 
 
A thesis submitted to the faculty of the University of North Carolina at Chapel Hill in partial 
fulfillment of the requirements for the degree of Master of Science in the School of Dentistry 
(Orthodontics). 
 
 
 
Chapel Hill 
2010 
 
 
 
 
 
 
Approved by 
Advisor: Rose Sheats, DMD, MPH 
Reader:  Lorne Koroluk, DMD, MS, MSD 
Reader:  Gregory Essick, DDS, PhD 
  
ii  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
©2010 
Kristen H. Fritz 
ALL RIGHTS RESERVED 
  
iii  
ABSTRACT 
KRISTEN H. FRITZ: PREVALENCE OF SLEEP DISORDERED BREATHING IN  
PEDIATRIC ORTHODONTIC PATIENTS  
(Under the direction of Dr. Rose Sheats) 
Introduction: 
Sleep-Disordered Breathing is gaining recognition as an important disease entity.  Currently, 
more information is available about sleep disorders affecting adult patients than about 
pediatric sleep related breathing disorders (SRBD).  SRBD has been associated with 
increased cognitive and cardiovascular disorders in children.  
   
Methods: 
Parents of 100 consecutive university-based orthodontic patients, ages 7-17 years, completed 
a previously validated survey, the Pediatric Sleep Questionnaire, (Chervin et al., Sleep 
Medicine: 1(2000)21-32) at the case presentation appointment. 
 
Results: 
Using the Pediatric Sleep Questionnaire, we estimated that 18% (95% CI 0.10,0.26) of our 
sample of orthodontic patients 7-17 years old was at risk for SRDB.   No significant 
associations were detected between risk of SRDB and either demographic or cephalometric 
angular or linear variables analyzed.   
 
Conclusion:  
Orthodontists may have an opportunity to recognize and make appropriate referrals for 
pediatric patients at-risk for SRBD. 
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SECTION I 
LITERATURE REVIEW 
 
The American Academy of Sleep Medicine listed eighty-seven sleep disorders in its 2000 
edition of The International Classification of Sleep Disorders (ICSD).(1) Of these sleep 
disorders, relatively more is known about those that affect the adult population, especially 
obstructive sleep apnea (OSA), than about those affecting children.(2)  Recently, the 
significance of sleep to the overall health and well-being of children and adolescents has 
been gaining recognition.  (3)  
Most children that have sleep-related breathing disorders (SRBDs) remain undiagnosed.(4) It 
is believed that children probably escape diagnosis because the distinct signs and symptoms 
are less widely recognized then those that are present in adults(5) particularly because the 
symptoms of sleep-deprived children are different from those of sleep-deprived adults. (6) It 
is generally agreed that the criteria to diagnose adult obstructive sleep apnea (OSA) are not 
appropriate for children.  Table 1 (from p.246 in Au et al, 2009) (7) summarizes important 
differences between adult and pediatric sleep disordered breathing.  While the table compares 
“obstructive sleep apnea” in adults and children, it must be noted that consensus does not 
exist regarding the pediatric criteria necessary to confirm a diagnosis of OSA in children. 
Recent studies have demonstrated that if criteria to diagnose adult sleep disorders are applied 
to children, the prevalence of pediatric sleep disorders would be underestimated.(5, 8)  For 
example, a predominant feature of SRBDs in adults is excess daytime sleepiness.(7)  This is 
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not seen in children suffering from SRBDs because children tend to have preserved sleep 
architecture. (7) The International Classification of Sleep Disorders (ICSD), 2nd edition, has 
recognized these differences and made efforts to improve the diagnostic criteria for 
childhood SRBDs.(9)  As a result of recent pediatric sleep studies, the ICSD uses criteria that 
are associated with childhood SRBDs to diagnose pediatric SRDBs, instead of using the 
traditional diagnostic criteria that are based on adult studies. However, the application of 
these pediatric criteria is not standardized, and much variation occurs in how individual sleep 
laboratories establish thresholds for diagnosis by modifying adult sleep-scoring criteria or the 
American Thoracic Society’s suggested pediatric criteria.  (9) More studies are needed to 
standardize definitions, proposed treatment modalities, and thresholds associated with 
respiratory-related events in children. (9)  
TABLE 1. Comparison of obstructive sleep apnea in children and adults (from Table3, p.246, 
Au et al, 2009)(7) 
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Currently sleep disorders are believed to exist in a continuum, ranging from normal and 
progressing to gross disease.  Table 2 (from p.244 in Au et al, 2009) (7) outlines this 
continuum. It is often difficult to distinguish between sleep disorders because the criteria that 
differentiate one from another are not well defined and extensive tests are needed.  Until 
rigorous diagnostic criteria are developed, agreed upon and used for diagnosing specific 
sleep disorders, the broader terms “sleep disordered breathing (SDB)” and/or “sleep-related 
breathing disorders (SRBDs)” are more relevant to pediatric patients, and are more often 
used in clinical practice and the literature.(10) 
TABLE 2. Continuum of obstructive sleep-disordered breathing (from Box1, p.244, Au et al, 
2007)(7) 
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EPIDEMIOLOGY 
Primary snoring (PS), also referred to as benign snoring or habitual snoring, is a type of 
SRBD that does not involve alterations in alveolar ventilation during sleep. (11)  In the past it 
was believed that PS did not need therapeutic attention.  In 2002, however, the American 
Academy of Pediatrics published Clinical Practice Guidelines that stipulated that all children 
should be screened for snoring.(6)  Recent studies support this guideline because they have 
demonstrated neuropsychological consequences in children suffering from PS and other 
subtle breathing disturbances. (9)  It is estimated that 12-20% of school aged children suffer 
from PS.  (9)  The reported range can be even broader depending on how PS is defined. (12) 
Table 3 in Lumeng et al, 2008, (12) demonstrates how much the prevalence of PS (or 
habitual snoring) can vary based on different definitions. 
TABLE 3. Prevalence of habitual snoring by definition (p.245 in Lumeng et al, 2008)(12) 
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Obstructive sleep apnea (OSA), is on the other end of the sleep spectrum from PS.  It is a 
type of SRBD that involves prolonged partial upper airway obstruction (hypopnea) and/or 
intermittent complete obstruction (apnea) that disrupts ventilation during sleep. (11) Most 
estimates of the prevalence of obstructive sleep apnea (OSA) in children suggest that it 
ranges from 1-3%.(2, 8, 13, 14)  A few studies publish a much higher prevalence of pediatric 
obstructive sleep apnea (POSA), close to 10%.(2)  The differences in prevalence stem from 
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how the authors defined the diagnosis of POSA. (TABLES 4 from p.245 in Au et al, 2009,(7) 
and TABLE 5 from p. 247 in Lumeng et al, 2008(12)) 
TABLE 4: Prevalence of Childhood OSA (from p. 245 in Au et al, 
2009(7))
 
TABLE 5: Definition of OSA on Diagnostic testing and Estimated Population Prevalence 
(from p.247 in Lumeng et al, 2008(12)) 
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CLINICAL SIGNS AND SYMPTOMS  
Children with SRBDs often present with a variety of signs and symptoms.  Adenotonsillar 
hypertrophy is the most common etiology, but nasal obstruction, allergic symptoms, and/or 
craniofacial abnormalities that cause reduced airway diameter or patency, are also common. 
(9)  Patients often experience symptoms such as sleep walking, enuresis, parasomnias, and 
many more. (9)(TABLE 6 from p.259 in Kirk et al, 1998)(15) Typically, some combination 
of anatomical factors or functional causes are responsible for the child’s SRBDs.(7, 15)  
Tables 6 and 7 (from p.259&260, Kirk et al, 1998)(15) outline common anatomical and 
functional factors that predispose children to SRBDs.  
TABLE 6: Anatomical Factors Predisposing to OSAS in Children (from p.259 in Kirk et al, 
1998)(15) 
 
TABLE 7: Functional Causes of OSAS in Children (p.260, Kirk et al, 1998)(15) 
  
8 
 
 
Most children suffering from SRBDs present to their health care provider with a complaint of 
snoring.(7)  However, it is important to recognize that while not all children who snore have 
OSA , most who suffer from OSA also snore. (7) The three symptoms that are hypothesized 
to be the best predictors of the presence of pediatric OSA are loud snoring, difficulty 
breathing during sleep, and sleep-related pauses in breathing witnessed by parents.(15) Table 
8 (from p.247 in Au et al, 2009)(7) outlines some of the typical symptoms that children 
suffering from SRBDs present with. Currently however, there is not a specific combination 
of symptoms, demographic and physical features that can accurately distinguish a child with 
OSA from one with PS. Regardless of the cause of the sleep disorder and where children fall 
in the spectrum of sleep disorders, it has been clearly demonstrated that SRBD is a serious 
condition with major health-related consequences and should be diagnosed as early as 
possible.(16)   
TABLE 8: Symptoms of Childhood Obstructive Sleep Apnea (from p. 247 in Au et al, 
2009)(7) 
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RISK FACTORS 
The first part of any diagnosis begins with gathering a thorough history.  Special attention 
must be paid to children who have symptoms of and risk factors for SRBDs.  Data suggests 
that risk factors for pediatric sleep disordered breathing are obesity (BMI), ethnic minority 
status and facial anomalies.(2)   It has become apparent over the last few decades that obese 
children may be at an increased risk for SRBDs.(17)  Since childhood obesity is increasing in 
the United States, many recent studies have focused on the relationship between obesity and 
SRBDs.  A recent review article by Verhulst et al, concluded that childhood obesity is 
associated with an increased prevalence of all types of sleeping disorders.(18)  This review 
suggested that all obese children and adolescents should be screened for SRBDs.(18) 
Redline et al, found that in children between the ages of 2-18 years, the risk for SRBDs was 
fourfold to fivefold greater in obese children. (2)  Their findings revealed that for every 
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1kg/m2 above the mean BMI for their age and gender, a pediatric patient’s risk for OSA is 
increased by 12%.(2) The prevalence of POSA in the general population is 1-3%, but among 
obese children it has been reported to be between 13-59%.(18) 
Many other studies demonstrate similar trends and have reported that the degree of obesity is 
proportional to the severity of OSA.(17) Dayyat et al found that the magnitude of 
adenotonsillar hypertrophy in children that can cause OSA is smaller in obese children than 
non-obese children.(17)  They found that obese children usually have fat deposition around 
their upper airway that can cause soft tissue changes which predispose them to sleep related 
obstruction.(17) Studies on obese adults suggest that fat distribution is both ethnic and gender 
dependent,(19)  however currently available data does not suggest a clear difference in 
SRBDs among different ethnic groups in children.(12)  Nonetheless some studies suggest 
that the African American race is an independent risk factor for SRDBs in children, but more 
research is needed in this area to clarify.(12) 
In the adult population, the male predominance of OSA is sometimes attributed to the 
influence of male sex hormones, however in prepubertal children this would not be 
relevant.(20)  Evidence is inconsistent regarding the impact of gender on the prevalence of 
pre-pubertal pediatric SRDBs.(12, 21) 
The peak incidence of OSA in children occurs between 3-6 years of age which correlates 
with the peak in relative adenoidal size.(21)  Age grouping is important in children because 
the effects of puberty cannot be ignored.  Hormonal and physiologic changes that occur 
during this time may potentiate the effect of sex on SRBD prevalence.(12) During puberty 
not only are the sex hormones altered, but enlargement of the tongue, oral and nasal mucosa 
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can be seen.(22) Currently, however, available data does not demonstrate a clear relationship 
between age and prevalence of SRBD symptoms.(12)  
Respiratory illnesses, such as asthma, have been identified as possible risk factors for 
POSA.(23)  Asthma affects up to 7.5-10% of American children.(23)  Large epidemiologic 
studies have found that patients with asthma more frequently report snoring.(24)  Conversely, 
OSA can make asthma symptoms worse, thus OSA and asthma can exacerbate each 
other.(23, 24)  As a result, the National Asthma Education and Prevention Program Expert 
Panel Report recommends that patients with poorly controlled asthma be evaluated for 
OSA.(24) Further research is needed into the role of asthma as a risk factor for pediatric 
SRBDs, because of the high prevalence of asthma in children.(23, 24) 
 
SEQUELAE OF UNTREATED PEDIATARIC SRBDS 
The American Academy of Pediatrics deems that a good night’s sleep is as important for 
optimal development of a child’s brain and body as good nutrition and exercise.(6)  Children 
who do not get enough sleep often develop many infections and suffer from frequent upper 
and lower respiratory tract infections, chronic rhinorrhea, and recurrent middle ear 
disease.(25)  Often these infections are treated without the correct diagnosis being made or 
the underlying cause identified.  
Preliminary epidemiologic data has suggested that even mild pediatric sleep disorders 
negatively impact growth and development because children are sensitive to both gas 
exchange abnormalities and disrupted sleep.(2)   Disrupted sleep causes children to have an 
increased resting energy expenditure and abnormal release of growth-related hormones, both 
of which have been linked with a failure to thrive in these children.(7)  
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In patients with OSA, video recordings of their sleep behaviors document mouth breathing 
and extended head posture.(26)  Normally, face and neck muscles are inactive during REM 
and slow-wave sleep, however in patients with OSA, neck and chin muscles have increased 
electromyographic activity.(21, 26)  It has been postulated by some that the increased 
neuromuscular response to OSA may cause dentofacial changes in affected patients.(21) 
Hypertension and other cardiovascular consequences are known to be complications in adults 
with OSA.  Studies that explore the cardiovascular consequences in children with SRBDs 
report conflicting results.  Some hypothesize that children with SRBDs are at an increased 
risk for elevated blood pressure as well as changes in ventricular geometry and endothelial 
dysfunction.(7)  Others have found children with OSA to be hypotensive and have lower 
diastolic blood pressure than normal controls.(7)  A recent meta-analysis of these studies 
concluded that there is inadequate evidence to demonstrate that children with SRBDs are at 
an increased risk for elevated blood pressure.  Clearly more research is warranted.(7)  
Often, impaired cognitive development and behavioral problems result from pediatric sleep 
disorders. The behavioral problems usually result from excessive daytime sleepiness which 
may result in hyperactivity, inattentiveness and aggression.(13)  These behaviors may lead to 
a misdiagnosis of attention deficit disorder (ADD) or attention deficit hyperactivity disorder 
(ADHD).(27)  Studies have estimated that up to 30% of children with SRBDs have 
inattention or hyperactivity.(7)   It is unclear whether the relationship between OSA and 
ADHD is a correlation or a comorbidity, and more research is needed to clarify.(28)  It has 
been demonstrated, however, that SRBDs are more common in patients with ADHD than in 
normal control patients, and when the sleep disorder improves, the symptoms of ADHD 
parallel this improvement.(28)  
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 Children suffering from sleep disorders are also predisposed to psychiatric conditions and 
are often anxious, depressed or develop a dependency.(29)  The intermittent hypoxic 
episodes that children with SRBDs experience while they are sleeping are hypothesized to be 
a cause of their neuropsychological dysfunction.(9)  Recent evidence suggests however, that 
these neuropsychological and neurocognitive dysfunctions can be reversed after treatment of 
the SRDB.(7) Therefore, early diagnosis is important in order to minimize neurocognitive, 
behavioral and developmental complications.(16)  
DIAGNOSIS 
The gold-standard in the diagnosis and assessment of SRBDs in children is polysomnography 
(PSG) to distinguish where a child falls on the sleep disorder spectrum.(11, 12, 15)  PSG 
requires an overnight stay at a sleep center to monitor electrical activity of the brain and 
heart, muscle movements, eye movements and respiratory activity.  The Apnea- Hypopnea 
Index (AHI), summarizes the average number of obstructive apneas and hypopneas per hour 
of sleep that are recorded during a PSG.(12)  In children, their Respiratory Disturbance Index 
(RDI) is also measured.  The RDI represents the amount of respiratory event-related arousals 
that occurred during the PSG which do not meet the thresholds for either an apneic or 
hypopneic event.(12)  A lack of agreement on the scoring and interpretation of PSGs for 
children leads to great variability in what are considered normal and abnormal PSG 
findings.(7)  Although there is lack of consensus, commonly an AHI or RDI of 1-5 events per 
hour is used to diagnose OSA in children.(12) 
Adding to the challenge of interpreting PSGs to diagnose pediatric OSA is the argument that 
an in-lab overnight study may not accurately reflect the child’s sleep in their home 
environment. PSGs are expensive, time consuming and not always feasible or available.  
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They lack standardization in performance and interpretation.(7)  As a result, many other 
methods such as surveys, history and physical exams, lateral head and neck radiographs and 
at home overnight audiotaping, videotaping, cardiopulmonary monitoring and pulse 
oximetry, have been proposed to identify children at risk for SDB and associated 
symptoms.(7, 12, 15)  Thus far, the validity of these other methods remains uncertain, but 
considerable research is currently underway to examine the validity each of them. 
QUESTIONNAIRES 
Recently, attention has been directed to development of questionnaires to identify children at 
risk for SRBDs.  Most questionnaires are designed to be screening tools and are not adequate 
by themselves to distinguish PS from OSA.(15)   Such questionnaires are useful to identify 
those children who should undergo further clinical evaluation (15) such as a PSG, which is 
still the standard method for differentiating PS from OSA . (12) 
Table 9 lists questionnaires that were identified by a recent review article.(12)  Most of these 
questionnaires include ‘reported snoring’ as a criterion to identify children who need further 
diagnostic testing.  Many include questions relevant to specific types of sleep problems in an 
effort to be more discriminatory for the investigation for which it was developed.(15) Since 
most of them were developed for specific studies, their questions are diverse, which makes it 
difficult to compare questionnaires.  Few questionnaires report the sensitivity and specificity 
of the reported symptoms compared to the accuracy of a PSG and the reliability and validity 
of these questionnaires vary greatly.(12)  
Table 9: A list of some of the questionnaires found in the literature (from Lumeng et al, 
2008) (12) 
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Questionnaires are not without their limitations.  First, the identity of the ‘reporter’ is 
important.  Someone other than the patient has to identify the frequency of snoring which 
may be either over-estimated or under-estimated depending on whether the ‘reporter’ sleeps 
near the patient or not.  However, one study demonstrated that parent and child ‘self-
reported’ snoring were well correlated, so it didn’t matter who completed the 
questionnaire.(12)  Another limitation of questionnaires is that they are based on parental 
anamnesis.   The roles of both parental and retrospective bias in completing the 
questionnaires have to be considered when interpreting their results.(12) 
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Two questionnaires are noteworthy.  Brouillette et al developed one of the first 
questionnaires that was based on parental answers, and calculated a score that identified 
children at risk for SRBDs.(25)  The Pediatric Sleep Questionnaire (PSQ), developed by 
Chervin et al, has undergone validity and reliability testing and has a reported sensitivity of 
0.85, and a specificity of 0.87.(4, 12, 30)  It is a useful tool for identifying SRBDs or 
associated symptom-constructs in clinical research (4) and has been used frequently in 
research studies to assess the risk for OSA. Chervin et al reported that their questionnaire was 
more predictive of improvement in sleepiness and behavioral parameters after an 
adenotonsillectomy (T&A) than a PSG.(30) This suggests that there is room to challenge the 
superiority of PSG in the definitive assessment of children with pediatric sleep disorders.  
 CEPHALOMETRIC RADIOGRAPHS 
Other tools used to assist in the diagnosis of patients with SRBDs are several imaging 
techniques including MRIs, CTs, ultrasounds, and cephalometric radiographs.  Since 
anatomical and pathophysiological factors are purported to play a role in the etiology of sleep 
disorders,(31) radiographic examination of the face and airway has been studied extensively. 
Multiple imaging techniques have been used to evaluate the craniofacial structures and 
anatomic characteristics of the upper airway, but cephalometry is the most commonly used 
and is the most practical.(32)  Cephalometric features of adult patients with SDB has been an 
active area of research, however few studies have investigated such indicators in 
children.(33)  In adults, craniofacial skeletal differences have been found between patients 
with sleep disorders and controls without sleep disorders, in both the horizontal and vertical 
planes of space.  The cephalometric features most commonly found to be associated with 
  
17 
 
sleep disorders in the adult populations are increased soft palate length, increased distance 
from the hyoid bone to the mandibular plane, increased total facial height, midfacial height 
and lower facial height, steep mandibular plane angles, and maxillary and mandibular 
retrognathia.(31, 32, 34-37) While some studies have used  cephalometric measurements as 
well anthropometric measurements (age and BMI) to identify patients with OSA  (35, 37) 
other research suggests that cephalometric and anthropometric measurements can show 
recognizable predispositions towards having SDB but cannot be used alone to identify people 
with SDB because they represent only one aspect of factors that lead to the condition.(31)   
Few studies have explored associations in children between craniofacial morphology and 
SRDB.  In general they report minor craniofacial anomalies in children with SDB, but these 
associations have not been investigated as rigorously as in adults.(38)   Guilleminault et al 
conducted a retrospective study of 411 children referred to a sleep center for PSG.  He used 
clinical examination only to demonstrate an association between SDB and retroposition of 
the mandible, steep mandibular planes, long faces and long soft palates.(39) Lateral 
cephalometric radiographs were not used.  
Zucconi et al compared lateral cephalograms of 26 children diagnosed with habitual snoring 
to 26 control children.(38)  They concluded that habitual snoring was associated with mild 
but significant cephalometric and craniofacial alterations.  These patients were found to have 
retropositioned and posteriorly rotated mandibles, and increased craniomandibular (SN-Go-
Gn), intermaxillary (PNS-ANS-Go-Gn), and upper and lower goniac angles (PC-Go-N and 
N-Go-Gn).(38) 
Shintani et al examined lateral cephalograms of 140 children with OSA and an age matched 
control group in order to define the role of adenotonsillar hypertrophy and facial morphology 
  
18 
 
in children with OSA.  They found that children with OSA had less maxillary protrusion, less 
mandibular protrusion and a lower hyoid bone.  They concluded that both genetic and 
environmental factors, such as upper airway obstruction, are suspected to cause abnormal 
facial morphology in children with OSA.(40) 
Zettergren-Wijk et al, studied three lateral cephalograms taken over a 5 year period of 17 
children diagnosed with OSA and 17 age- and gender-matched controls.(21)  Before being 
treated, the children with OSA had more posteriorly inclined mandibles, more anteriorly 
inclined maxillas, greater lower anterior facial heights, shorter anterior cranial bases, 
retroclined upper and lower incisors, less pronounced noses and reduced airway spaces.  Five 
years after having an adeno-/tonsillectomy as treatment for OSA, lateral cephalograms were 
again taken for comparison with pre-treatment cephalograms.   Previously statistically 
significant differences between the two groups had vanished with the exception of the shorter 
length of the anterior cranial bases and shorter noses in the treated group.  This study 
concluded that if OSA is diagnosed and treated at an early age, possible normalization of 
dentofacial morphology may be seen.(21)   
Since lateral cephalograms are taken routinely in orthodontic offices, recognition of 
cephalometric patterns place orthodontists in a unique position to recommend timely referrals 
of the child patient to a sleep specialist.   
SRBDs are serious conditions with major health-related consequences for children.  They 
need to be diagnosed early and properly.  A review of the literature reveals that research into 
pediatric sleep related breathing disorders is burgeoning on many fronts.  Clinicians can look 
forward to the availability of rigorous evidence in the future to support clinical guidelines for 
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the appropriate referral and management of pediatric patients with suspected or confirmed 
SRBDs. 
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SECTION II 
MANUSCRIPT 
INTRODUCTION  
Recently, the significance of sleep to the overall health and well-being of children and 
adolescents has been gaining recognition.(1)  Currently, there is more information available 
about sleep disorders affecting adult patients than there is about pediatric sleep disorders. 
Most children that have sleep-related breathing disorders (SRBDs) remain undiagnosed.(2)  
It is believed that children likely escape diagnosis because the distinct signs and symptoms 
are less widely recognized than those that are present in adults.(3)  Recent studies have 
demonstrated that if criteria for adult sleep disorders are applied to children, the prevalence 
of pediatric sleep disorders would be underestimated (3, 4) because the symptoms of sleep-
deprived children are different from those of sleep-deprived adults.(5)  It is generally agreed 
that the criteria to diagnose adult obstructive sleep apnea (OSA) are not appropriate for 
children.   More research is needed about the prevalence, risk factors and consequences of 
sleep disorders that affect children.   
Both anatomical and pathophysiological factors are purported to play a role in the etiology of 
pediatric sleep disorders.(6)  Multiple imaging techniques including MRIs, CTs, ultrasounds, 
and cephalometric radiographs have been used to evaluate the craniofacial structures and 
anatomic characteristics of the upper airway.  Cephalometry is the most commonly used 
because it is the most practical.(7)   Analysis of cephalometric features of adult patients with
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 SRBD has been an active area of research, however few studies have investigated such 
anatomic traits in children.(8)  Since lateral cephalograms are taken routinely in orthodontic 
offices, recognition of cephalometric patterns place orthodontists in a unique position to 
recommend timely referrals of the child patient to a sleep specialist.   
Preliminary epidemiologic data has suggested that even mild pediatric sleep disorders 
negatively impact growth and development because children are sensitive to both gas 
exchange abnormalities and disrupted sleep.(9) Often, impaired cognitive development and 
behavioral problems can result. The behavioral problems usually result from excessive 
daytime sleepiness which may result in hyperactivity, inattentiveness and aggression.(10) 
These behaviors may lead to a misdiagnosis of attention deficit disorder (ADD) or attention 
deficit hyperactivity disorder (ADHD).(11)  Therefore, early diagnosis is important in order 
to minimize neurocognitive, behavioral and developmental complications.(12) 
The gold-standard in the diagnosis and assessment of SRBDs in children is polysomnography 
(PSG).(13-15)  PSG requires an overnight stay at a sleep center to monitor electrical activity 
of the brain and heart, muscle movements, eye movements and respiratory activity.  
However, PSGs are expensive, time consuming and not always feasible or available.  Many 
other methods such as surveys, history and physical exams, lateral head and neck radiographs 
and at home overnight audiotaping, videotaping, cardiopulmonary monitoring and pulse 
oximetry, have been developed to identify children at risk for SRBD and associated 
symptoms.(14-16)  
A large number of questionnaires have been developed to try and identify children at risk for 
SRBDs.  Most questionnaires are designed to be screening tools and are not diagnostic of 
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sleep disorders.(14, 15)  However, as screening tools, they help to identify those children at 
risk for SRBDs who need further clinical evaluation.(15)  
 The reliability and validity of these questionnaires vary greatly. (14)  Very few 
questionnaires report the sensitivity and specificity of the reported symptoms, as compared to 
that diagnosed by PSG.(14)  However, the Pediatric Sleep Questionnaire (PSQ), developed 
by Chervin et al, has undergone validity and reliability testing.  
The PSQ was developed for 2-18 year olds. Parents complete this 22 item questionnaire that 
uses simple and concise questions about the child’s snoring, observed apneas, difficulty 
breathing during sleep, daytime sleepiness, inattentive or hyperactive behavior, and other 
pediatric SRBD features.   
The PSQ is divided up into three sections.  The questions in section A ask about snoring, in 
section B about sleepiness, and in section C about behavior (specifically inattention and 
hyperactivity). A ‘yes/no/don’t know’ response format is used for the first sixteen questions 
in sections A&B.  A response of ‘no’ is scored as (0) and ‘yes’ is (1).  The last six questions 
in section C relating to inattention and hyperactivity have a 4-level Likert response format 
where, ‘does not apply’ and ‘applies just a little’ are scored as ‘no’ (0), and ‘applies quite a 
bit’ and ‘definitely applies most of the time’ are scored as ‘yes’ (1). Missing answers or 
‘don’t know’ responses are discounted from the denominator when calculating the mean 
response.  The overall SRBD score is the mean response of all 22 questions and varies from 0 
to 1.   An overall SRBD score of 0.33 suggests the presence of SRBD with higher scores 
suggesting greater risk (P<0.0001).   
Three additional subscores are generated from the PSQ by averaging the responses to 
specific questions in each section: a snoring score (questions A1, A2, A3, and A4), a 
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sleepiness score (questions B1, B2, B3, and B4) and a behavior score (questions C1, C2, C3, 
C4, C5 and C6).  While the overall SRBD score has been demonstrated to have the strongest 
association with an SRBD diagnosis, diagnosis of SRBD was also statistically significantly 
associated with the subscores: snoring (P<0.0001), sleepiness (P=0.0003), and behavior 
(P<0.0001). (2)  All subjects underwent a PSG andSRBD was confirmed by either an 
apnea/hypopnea index, or AHI, above 5 per hour of sleep or by peak negative end-inspiratory 
esophageal pressures in excess of -20cm of water.   The overall SRBD scale has a sensitivity 
of 81%, a specificity of 87%, and correctly classified 85% of subjects. It has good internal 
consistency (Cronbach’s alpha for each scale was: Snoring, 0.86; Sleepiness, 0.66; Behavior, 
0.83; overall SRBD, 0.88) and test-retest reliability (Spearman correlation coefficient for 
each scale was: Snoring, 0.92 (P<0.0001), Sleepiness, 0.66 (P=0.0010), Behavior, 0.83 
(P<0.0001), overall SRBD, 0.75 (P<0.0001). The PSQ is a useful tool for identifying SRBDs 
or associated symptom-constructs in clinical research when PSG is not feasible.    It has been 
used frequently in research studies to assess the risk for SRBD.  
This proposal will investigate the use of the Pediatric Sleep Questionnaire (PSQ) in a 
pediatric orthodontic university based population to estimate the risk of SRBD and to analyze 
the association with cephalometric and demographic features and the questionnaire score.  
By identifying common characteristics of orthodontic patients who may be at risk for 
SRBDs, orthodontists will have an opportunity to recognize and make appropriate referrals 
for at-risk patients. 
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MATERIALS AND METHODS 
This study was approved by the Institutional Review Board at the University of North 
Carolina. 
The study sample was comprised of 100 consecutive UNC orthodontic patients from the 
graduate orthodontic clinic on whom diagnostic orthodontic records were obtained including 
a routine lateral cephalometric radiograph.  
At the case presentation appointment, the patients and their parents were invited to 
participate in the study.  The principal investigator explained the study and informed consent 
was obtained.  
Participants were selected based on the following inclusion and exclusion criteria: 
  Inclusion Criteria 
• Healthy children between the ages of 7 and 17 being treated at UNC Chapel Hill 
School of Dentistry Graduate Orthodontic Clinics. 
• Patient has not started orthodontic treatment 
• Informed consent obtained from parent 
• Routine pretreatment lateral cephalogram of diagnostic quality 
   
  Exclusion Criteria 
• Inability to read/understand English 
• Absence of initial records of diagnostic quality consisting of a lateral ceph and 
specific demographic information 
• Craniofacial patient 
 
Each parent was given the Pediatric Sleep Questionnaire (PSQ) (Appendix A) to complete 
for the study subject.(2, 17)  The instructions for each questionnaire were verbally given by 
the principal investigator at the case presentation appointment and were written at the top of 
the questionnaire.   
In addition to questionnaire results, the following data for each subject was recorded: 
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• Demographics:   
o Age 
o Gender 
o Ethnicity 
• Health history:   
o BMI (kg/m2), as recorded in the chart  
• Cephalometric Measurements: (Figure 1) 
o Mandibular Plane Angle (SN-GoGn) 
o Position of Mandible and Maxilla (SNA, SNB, ANB) 
o Anterior Facial Height: Total (N-Me), Upper (N-ANS), Lower (ANS-Me) 
o Length of the Soft Palate (PNS-P) 
o Distance from Hyoid Bone to Mandibular Plane (MP-H) 
 
All lateral cephalograms were routinely taken by the UNC Department of Radiology at the 
patient’s diagnostic orthodontic records appointment.  All cephalograms were taken in 
natural head position and were traced by one examiner using Dolphin Imaging Software 
(version 9.0, Chatworths, CA). 
BMI was calculated for each patient as weight (kilograms) divided by height (meters) 
squared.  Height was obtained in stocking feet.  Adjusted BMI were used in the analyses to 
account for age and gender specificity in pediatric patients.  BMI percentiles are the most 
commonly used indicator to assess the size and growth patterns of individual children.  It is 
calculated by plotting the patient’s BMI on the CDC BMI growth charts that are age and 
gender specific.  A BMI Z-score was also generated for each patient, and is based on how 
many standard deviations the patient falls from the mean for their age and gender. 
Intraexaminer Reliability: 
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The first ten lateral cephalograms were selected to estimate intra-examiner reliability.  The 
tracings were repeated with one day between the initial and replicate tracings.  Reliability 
and measurement error were assessed.   
Statistical Analysis: 
The statistical analyses were performed with a computerized statistical program, SAS (SAS 
Institute Inc., Cary, NC). Descriptive statistics were used to summarize the data.  A 95% 
Confidence Interval was calculated using the binomial distribution for the prevalence of 
SRDB.  The effects of the demographic information and BMI z-score on the likelihood of the 
presence of an SRDB were assessed using logistic regression analysis.  Level of significance 
was set at 0.05.  
 
FIGURE 1: Reference points and lines on lateral cephalograms. Measurements include: 
Mandibular Plane Angle (SN-GoGn), Position of Mandible and Maxilla (SNA, SNB, ANB), 
Anterior Facial Height: Total (N-Me), Upper (N-ANS), Lower (ANS-Me), Length of the Soft 
Palate (PNS-P), Distance from Hyoid Bone to Mandibular Plane (MP-H) 
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RESULTS 
Sample Demographics.  The sample consisted of 100 orthodontic patients who presented to a 
university-based graduate orthodontic clinic.  Despite the efforts of the principal investigator 
to recruit consecutive patients, the sample was not consecutive due to scheduling constraints 
of the principal investigator who was unable to meet with 31 of the patients when subject 
recruitment began.  Thus the sample was drawn from 131 consecutive orthodontic patients 
who fit the inclusion criteria. Of the 100 subjects who were invited to participate in the study, 
all agreed to take part.  
The mean age of the sample was 13.4±2.02 (SD) years, and 57% were female.  The ethnic 
background of the sample was comprised of 73% Caucasian, 10% Hispanic, 9% African 
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American, 5% Asian, and 2% American Indian patients.  The mean unadjusted BMI for the 
sample was 21.96±4.83 (SD), the mean BMI percent was 66.11±30.34 (SD), and the mean 
BMI z-score was 0.55±1.16 (SD). (Table 10) 
Table 10: Sample Demographics 
N=100 
 
Intraexaminer Reliability for Cephalometric Landmark Identification:  The intra-class 
correlation coefficient (ICC) ranged from 94.1% to 99.7% for the intra-observer reliability.  
Posterior Nasal Spine (PNS), in the horizontal plane (along the x-axis) had the lowest ICC of 
94.1%; the highest ICC was 99.7% for Hyoid (H), in the vertical plane (along the y-axis).   
All other variables had an ICC above 95.7%. (Table 11)  
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Table 11: Intraclass Correlation Coefficient (Reliability) of Cephalometric Landmark 
Identification at Duplicate Evaluations (N=10) 
 
Questionnaire Results: Appendix B lists survey results for all subjects.  All questions were 
answered by each parent.  The possible answers to the first 16 questions were ‘yes’, ‘no’ or 
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‘don’t know’.   Questions with “don’t know” responses were dropped from analysis.   Since 
the overall score was calculated as the proportion of “yes” responses to the number of 
questions answered, dropped questions reduced the size of the denominator.  The mean 
number of “don’t know” responses for these questions was 3.88±1.93 (SD) resulting in an 
average denominator of 12.12 for the first 16 questions  The question with the most frequent 
“don’t know” response was  Question A8. This Question asks about children waking up with 
a dry mouth in the morning.  It is used to calculate the overall SRBD score, but is not used in 
calculating any of the subscores (snoring, sleepiness, and behavior).  Questions B3 and B4, 
ask about daytime sleepiness and are used to calculate the overall SRBD score and the 
sleepiness subscore. These two questions had only one “don’t know” response each, which 
was the least of any question.  The last six questions in the behavior section did not have a 
“don’t know” choice and therefore all responses contributed to the behavior subscore and the 
overall SRBD score. 
Questionnaire Scores: The mean overall SRBD score for the sample was 0.19±0.17 (SD).  
The mean subscores for each section were: Snoring= 0.17±0.28 (SD), Sleepiness= 0.28±0.29 
(SD), and Behavior= 0.23±0.29 (SD).  (Table 12) 
Of the 100 subjects, 18 (18%) scored ≥ 0.33 for their overall SRBD score on the PSQ (95% 
CI 10%, 26%), suggesting that these subjects were at risk for SRBD. The remainder (N=82) 
were considered not at risk based on their PSQ scores. (Figure 2 and Figure 3) 
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Figure 2: Scattergram of Overall Scores on PSQ 
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Figure 3: Box Plot of Overall Scores for Normal (N=82) and At-Risk (N=18) Subjects 
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According to the three subscores on the PSQ, 20 patients (20%) scored ≥ 0.33 on the snoring 
subscore, 38 patients (38%) scored ≥ 0.33 on the sleepiness subscore, and 36 patients scored 
≥ 0.33 on the questions concerning behavior.  Therefore, 20% of our patients presented with 
snoring symptoms, 38% with symptoms of sleepiness and 36% with behavioral symptoms 
(specifically inattention and hyperactivity). According to Chervin et al, subscores are also 
strongly associated with a diagnosis of being at-risk for SRBD.(2)  Thus according to the 
subscores, 20-38% of our subjects are at risk for SRBD. (Table 12)    
Table 12: PSQ Survey Results 
 
 
The Venn diagram in Figure 3 shows all subjects, identified by their subject number, who 
scored ≥ 0.33 on the overall score or on a subscore.  The subjects who scored ≥ 0.33 on the 
overall score are circled in red.  Subjects who scored ≥ 0.33 for one or more of the subscores 
are within that subscores circle on the diagram.  54 subjects, scored ≥ 0.33 on at least one 
score (overall or a subscore).  Therefore, 54% of our sample reported a symptom of SRBD.  
All 18 subjects that scored above a 0.33 for the overall SRBD score also scored ≥ 0.33 for at 
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least one of the subscores.  Out of the 18 ‘at-risk’ patients, 10 scored ≥ 0.33 on all four 
scores, 7 scored ≥ 0.33 on the overall score and two subscores, and 1 subject scored ≥ 0.33 
on the overall score and one subscore.  This left 36 patients who scored a 0.33 or higher on 
one of the subscores but did not score ≥ 0.33 on the overall SRBD score, thus these patients 
are not considered ‘at-risk’ but do present with symptoms of SRBD.  All eleven patients who 
had significant symptoms in all three categories were at risk for SRBD.  Also, 17 of the 18 
at-risk subjects had behavior symptoms, and all 18 at-risk subjects experienced daytime 
sleepiness. 
Figure 3: Venn diagram of all Subjects that Scored ≥ 0.33 on the Overall Score (circled in 
red) or on the Subscores 
 
 
Bivariate Statistics: 5 of the 100 cephalometric radiographs were excluded from the bivariate 
statistical analysis.  Of the 5 not included, 4 of the radiographs were generated from Cone 
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Beam Computed Tomographic images and 1 image did not display the ruler necessary for 
calibrating measurements.   
Table 13 summarizes the result of unpaired t-tests comparing the variables of interest 
between at-risk and normal children as classified by the overall SRBD score.  The mean 
values for age, BMI-z score, and the linear and angular cephalometric measures were not 
statistically significantly different between the two groups. 
Table 13: Bivariate Statistics for Explanatory Variables 
 
 
Logistic Regression: A logistic regression was used to assess whether the combined effect of 
the demographic variables, age, gender, ethnicity (Caucasian vs. non-Caucasian), and BMI-Z 
score would be predictive.  The overall model was not statistically significant (P = 0.51).  
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DISCUSSION 
To date, no studies have been found that analyze routine lateral cephalograms of pediatric 
orthodontic patients who present for orthodontic treatment to identify those patients who may 
be at risk for SRBDs.  Several studies have examined lateral cephalograms on adult patients 
suffering from SRBDs in an effort to characterize craniofacial features that are associated 
with the disorders.  These studies suggest that adults with SRBDs have anatomical features 
that predisposed them to developing SRBDs.(15, 16, 18)  The most commonly found 
cephalometric findings that are significantly associated with adult SRDB include increased 
soft palate length, increased distance from the hyoid bone to the mandibular plane, increased 
total facial height, midfacial height and lower facial height, steep mandibular plane angles, 
and maxillary and mandibular retrognathia.(6, 7, 19-22) 
Orthodontists routinely see pediatric patients who have orthodontic problems caused by 
abnormal skeletal development of their maxilla and/or mandible, suggesting the possibility 
that these young patients may be at increased risk for SRBDs.  Because of an orthodontist’s 
knowledge of the growth and development of the craniofaicial skeleton, and the availability 
of routine lateral cephalograms, orthodontists are in a unique position to identify patients at 
risk for SRBD at an early age and to refer them in a timely manner to their primary care 
physician for further evaluation if indicated. 
Sleep disorders are believed to exist in a continuum, ranging from primary snoring (PS) to 
obstructive sleep apnea (OSA). There is some debate in the literature as to whether PS should 
be on the continuum, or if it is too benign to be considered a sleep disorder. However, most 
reports include it in the sleep disorder spectrum.  PS has the highest prevalence of any SRBD 
and is estimated to affect up to 12% of children, but definitions of PS vary and it has been 
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reported to be as high as 17-20%. (13, 14, 18)  At the other end of the sleep spectrum, the 
prevalence of obstructive sleep apnea (OSA) in children ranges from 1-3%.(4, 9, 10, 23)  A 
few studies publish a much higher prevalence of pediatric obstructive sleep apnea (POSA), 
close to 10%,(9) but differences in prevalence stem from differences in diagnostic criteria 
chosen by the authors.(14, 16)  
The findings of our study suggest that 18% of our patients between the ages of 7 and 17 years 
are at risk for having SRBD, higher than the prevalence reported in the literature among 
children in the United States.  This suggests that malocclusions or craniofacial skeletal 
discrepancies commonly seen among growing patients in an orthodontic population may 
contribute to SRDBs in children.  Alternatively, the PSQ, the instrument we used to identify 
children at risk for SRDB, may be more sensitive to recognition of pediatric SRDBs than 
assessment tools used in other studies.  Chervin et al reported that the PSQ was a better 
predictor than PSG of OSA- related neurobehavioral symptoms such as hyperactivity and 
sleepiness.(17)  
Of the 18 patients who were classified as ‘at risk’ for SRDBs (scored ≥ 0.33), 7 of them 
scored more than one standard deviation above a score >0.33, and 1 patient scored more than 
two standard deviations above 0.33.  (Table 14) Chervin et al suggest that the threshold to 
detect the presence of SRBD was a PSQ score > 0.33, and that greater scores suggested a 
diagnosis.(2)  Based on Receiver Operating Curves,  PSQ score > 0.33 maximized the 
sensitivity, specificity and amount of patients correctly classified.(2) 
Further research by Chervin et al, demonstrated that a high SRBD score (1 SD above the 
mean) predicted an approximately 3-fold increased risk of an OSA diagnosis confirmed by 
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polysomnography (PSG).(17)  In our study, 18 patients scored >0.36 (1 SD above the mean), 
5 of them scored >0.55 (2 SD above the mean) and 1 scored >0.72 (3 SD above the mean). 
 
Table 14: Subjects Who Scored Above 0.33 on the Overall SRBD Scale 
 
Chervin et al, reported that all three of the subscores (snoring, sleepiness, behavior) were 
significantly associated with the presence or absence of SRBD, as confirmed by a PSG, but 
that the overall 22-item SRBD score showed the strongest association with SRBD 
diagnosis.(2)  This is the score we used to classify which of our patients were at risk for 
SRBD diagnosis, however inspection of the three subscores of our questionnaire suggests 
that as many as 20-38% of our sample may be at risk for SRBD.   
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It must be recognized that subscores were generated from a small number of questions (4 to 
6), and if one question was not answered or had a ‘don’t know’ response, it was dropped 
from the denominator making the chances of a patient receiving a high subscore increase.  
Therefore, a large percentage of patients would be more likely to generate a mean response 
equal to or greater than 0.33 on the subscales.  This could possibly explain why our subscales 
predicted that more than 18% of our patients are at risk for SRBDs.  
Findings from the snoring subscore reveal that 20% of our patients reported snoring.  This is 
consistent with reported prevalence of PS of 12-20%.(13, 14, 18)  The sleepiness subscore 
suggests that 38% of our patients have symptoms of daytime sleepiness. Thus, daytime 
sleepiness affects a greater percentage of our subjects then those that were deemed at risk for 
SRBDs (18%).   
The results from the behavior subscore, suggest that 36% of our subjects experience 
symptoms of inattention and hyperactivity.  This is well above the CDC reported 9.7% 
prevalence of children in the United States that have been diagnosed with ADHD between 
the ages of 9-17 years.   Chervin et al developed the behavior questions on the PSQ to 
examine ADHD-like behavior using items from the Diagnostic and Statistical Manual of 
Mental Disorders, DSM-IV, category A symptoms for ADHD.   
 In our study 17 of our 18 ‘at-risk’ patients also scored ≥ 0.33 on subsection C, suggesting 
that they had behavioral symptoms.  Currently it is unclear whether the relationship between 
SRBDs and ADHD is a correlation or a comorbidity, but it has been demonstrated that 
SRBDs are more common in patients with ADHD than in normal control patients.(24)   It has 
also been demonstrated that as SRBD symptoms improve, usually the symptoms of ADHD 
do as well.(24)    
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It is interesting to note that all 18 of our at-risk patients experienced daytime sleepiness 
symptoms.  Excessive daytime sleepiness (EDS) is not a predominant feature of pediatric 
SRBDs because children tend to have preserved sleep architecture.(16)  EDS has been 
reported to affect more than 90% of adults with OSA, but only 30% of children with 
OSA.(16) In our study, 100% of our patients at-risk for SRBDs reported symptoms of EDS.  
Conversely, only 12 of our 18 at-risk patients reported snoring symptoms, and snoring is 
usually the most common complaint of children with OSA.(16) 
The overall mean BMI percentile for our patients, 66.11, places them in the Healthy Weight 
Category (5th percentile to less than the 85th percentile).  However, 21% of our patients were 
classified as overweight (85th to less than 95th percentile) and 17% as obese (equal or greater 
than the 95th percentile). With the prevalence of child obesity increasing rapidly, these 
findings were not surprising. 
SRBDs are more common in overweight and obese children.(25) It is noteworthy that in our 
study, the ‘at-risk patients’ had a higher mean BMI z-score than those not-at-risk although 
the difference did not reach statistical significance.  In our study we used the height and 
weight of the patient that was recorded in their chart.  Although all children were measured 
on the same equipment, the methods used by examining resident doctors were not 
standardized.  This variability may be a factor contributing to lack of a statistically 
significant difference in the BMI z-scores between our two groups.   
Our study did not find a statistically significant association between gender and risk for 
SRBD.  This corroborates findings of other studies (16, 26), although some studies have 
reported SRBD to be more common in boys than girls.(14)  In our findings, 10 females and 8 
males were in our ‘at-risk’ group.  In the adult population, the male predominance of OSA is 
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well established and is sometimes attributed to the influence of male sex hormones.(27)  In 
our study, the mean age of our sample was 13.4 years, thus many of our male patients were 
pre-pubertal and thus not yet experiencing the influence of male sex hormones.  Another 
reason we may not have found a difference between genders is because of our small sample 
size.  According to a review article by Lumeng et al, only studies with large samples sizes 
(mean =4,424 (SD= 6,177)), had the power to conclude that boys were more often affected.  
The studies with smaller sample sizes (mean= 721 (SD= 467)) found no difference between 
genders.(14)  
While most research on pediatric sleep disordered breathing does not demonstrate a 
statistically significant association between age and prevalence of pediatric SRBD, there is 
nonetheless evidence that OSA in children is more commonly seen in preschool children 
because their adenoids reach their maximum relative size at 5 years of age. (26) Enlarged 
adenoids may contribute to SRDB, and in one study 91% of subjects were referred for their 
removal due to suspected nocturnal airway obstruction.(26)  In our study, the youngest 
patient was 7 years old.  We did not record details about previous tonsillectomy and 
adenoidectomy which may have explained in our study the lack of association between age 
and risk of SRDB based on the PSQ score. The age range of 7-17 years was chosen for this 
study because the PSQ was valid for subjects up to 18 years of age, and 7 was chosen 
because the IRB assent forms for ‘minors’ includes children 7-14 years of age.  
The association between ethnic background and the risk of pediatric SRDB has been studied 
with mixed results.   While many studies have failed to demonstrate that ethnic background is 
a risk factor for pediatric SRDBs (14), recent data have emerged that suggest a higher 
prevalence of SRBDs among pediatric African American patients in the United States.(16, 
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28)   Our data did not find significant differences between the risk for SRBDs and ethnicity, 
but it must be noted that our sample was 73% Caucasian and likely was underpowered to 
identify a statistically significant association between ethnic background and risk for SRDB 
if indeed they are associated.   
There have been relatively few studies published on cephalometric findings of pediatric 
patients with sleep disorders.  The studies that have been published have all found significant 
differences between their control groups (without sleep disorders) and their experimental 
groups (with sleep disorders).(26, 29, 30)  The mean age in all of these studies was younger 
than 6 years old.(26, 29, 30)  The experimental groups had all been previously diagnosed 
with SRBDs and the control groups were picked so that they matched the experimental group 
in age.(26, 29, 30)  In the study by Zettergren-Wijk et al, some of the control group was not 
tested for SRBDs, therefore some of the subjects in the control group may have had a sleep 
disorder.(26) 
We chose to investigate the linear and angular cephalometric measurements that had been 
demonstrated in previous studies to be statistically significantly associated with SRDB in 
both adults and pediatric patients.(6, 7, 12, 19-22, 26, 29, 30)  Unlike previous studies, we 
were unable to demonstrate statistically significant differences in cephalometric variables 
between our two groups of patients.  Our study was unique because the results of most of the 
other studies are unable to be generalized to groups of healthy kids. These studies obtained 
an experimental group of children with OSA or PS and then hand-picked an age and gender-
matched control group whereas our study evaluated typical pediatric orthodontic patients.(26, 
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It has been hypothesized that because of continuous increased respiratory effort in patients 
with SRDBs, more downward mandibular growth is seen, resulting in larger lower anterior 
facial heights and larger mandibular plane angles.(26, 29, 30)   In our study the measurement 
that came closest to being statistically significant was lower anterior face height (ANS-Me) 
(P-value =0.0547). Some argue however that craniofacial skeletal growth is genetically 
determined and may not be influenced by the early onset of breathing problems and sleep 
disorders.(29)  This debate has yet to be settled. 
Even though the bivariate analysis failed to demonstrate statistically significant associations 
with risk of SRDB, we nonetheless examined the predictive value of a logistic regression 
analysis of SRDB risk or no-risk, including in the model age, gender, BMI z-score, race and 
cephalometric variables.  The results from the logistic regression were not statistically 
significant (p=0.51), suggesting that the experimental variables that we included in our study 
were not able to predict whether a child is ‘at-risk’ for SRBD.  This finding corroborates 
other studies that have failed to isolate predictive factors and emphasize the multi-factorial 
etiology of childhood SRBDs. 
Orthodontists may be in a unique position to help identify patients at risk for pediatric 
SRBDs in their practices, however practitioners would benefit from the development of 
practice guidelines to help them determine which patients would benefit from referral for 
further evaluation of risk for SRBDs.  Based on our study, examination of lateral 
cephalograms to identify at-risk patients was not useful.   Orthodontists may wish to 
incorporate into their health histories simple screening tools such as queries about sleep 
disordered breathing and daytime sleepiness or behavioral symptoms, or may even consider 
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having parents complete validated surveys such as the PSQ in order to increase the likelihood 
of recognizing children at risk for SRDB and making timely referrals. 
 
 
CONCLUSIONS 
1.  Using scores from the Pediatric Sleep Questionnaire (PSQ), in our graduate clinic, 18% of 
our patients between the ages of 7 and 17 years are at risk for having SRBD.  These findings 
suggest that the prevalence of SRBD in pediatric patients who present for routine orthodontic 
care in a university graduate clinic may be higher than the prevalence reported in the 
literature among children in the United States, leading to the possibility that malocclusions 
and/or skeletal disharmonies may increase the risk of pediatric SRBD.  Caution must be 
exercised however, since the instrument we used, i.e. the Pediatric Survey Questionnaire, has 
been reported to be more sensitive in identifying pediatric SRDB than the current gold-
standard of an overnight polysomnogram.  
2.  Orthodontists may be in a position to recognize risk for undiagnosed pediatric SRBD and 
make a timely referral, however findings from our study were not able to identify 
distinguishing cephalometric angular or linear variables that were statistically significantly 
associated with risk for pediatric SRBD.   Thus, based on our results, the value of examining 
a lateral cephalogram of a pediatric patient is questionable in identifying patients may ‘at 
risk’ for sleep related breathing disorders.    
3.  No significant associations were detected in our study between risk of SRBD and 
demographic variables, including sex, gender, or BMI z-score.  However, our sample size 
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was not powered to clarify these associations, and further study of these potential risk factors 
is warranted. 
4. Since there is mounting evidence that SRBD is a serious medical condition with major 
health-related consequences and that early diagnosis and management may prevent 
significant future sequelae for pediatric patients, orthodontists should be aware of risk 
factors, signs and symptoms of untreated pediatric SRBDs.  Screening tools, such as the 
PSQ, or specific inquiry about suspected risk factors such as snoring, offer the orthodontist 
an opportunity to educate their young patients and families about this growing concern.   
Orthodontists can encourage families to seek evaluation with their family physicians or make 
referrals to appropriate medical colleagues. 
5.  It is anticipated that ongoing research in many areas will provide better guidelines in the 
future for referral and management of pediatric patients with suspected SRBDs. 
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Pediatric Sleep Questionnaire
 ID:
DATE: / /
SCHOOL OF DENTISTRY
UNIVERSITY OF NORTH CAROLINA
Child's Initials:
Published by Chervin RD et al: Sleep Med. 2000 Feb 1;1(1):21-32
Directions:  Completely fill in the ONE circle for each statement that best applies to your child.
Female Male
African-American/Black Asian
Hispanic/LatinoCaucasian/White Other
Am. Indian/Alaska Native
Gender:
Ethnicity/Race:
Date of Birth: / /
Directions:  Please write neatly in uppercase block letters, taking care to stay within the boxes.  For  those
                    questions that give you a choice, completely fill in the circle that indicates your choice.
While sleeping, does your child ...
A1.  ... snore more than half the time?
NoYes Don't know
A2.  ... always snore?
A3.  ... snore loudly?
A4.  ... have "heavy" or loud breathing?
A5.  ... have trouble breathing or struggle to breathe?
A6.  ... seen your child stop breathing during the night?
Have you ever ...
Does your child ...
A7.  ... tend to breathe through the mouth during the day?
A8.  ... have a dry mouth on waking up in the morning?
A9.  ... occasionally wet the bed?
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PSQ - Page 2  ID:
Revised 09/2008
This child often ...
C1.  ... does not seem to listen when spoken to directly
  Applies
just a little
Definitely Applies
 most of the time
Does Not
   Apply
 Applies
quite a bit
C2.  ... has difficulty organizing tasks and activities
C3.  ... is easily distracted by extraneous stimuli
C4.  ... fidgets with hands or feet or squirms in seat
C5.  ... is "on the go" or often acts as if "driven by a
            motor"
C6.  ... interrupts or intrudes on others (e.g. butts into
            conversations or games)
Does your child ...
B1.  ... wake up feeling unrefreshed in the morning?
NoYes Don't know
B2.  ... have a problem with sleepiness during the day?
B3.  Has a teacher or other supervisor commented that
       your child appears sleepy during the day?
B4.  Is it hard to wake your child up in the morning?
B5.  Does your child wake up with headaches in the morning?
B6.  Did your child stop growing at a normal rate at any time
        since birth?
B7.  Is your child overweight?
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Appendix B: Questionnaire Results  
(Overall Score and Subscores for each Subject) 
Pediatric Sleep Study - Kristen Fritz  
Subscale and Overall Scores 
                                                                   
 
                           Id#  SubscoreA   SubscoreB  SubscoreC   Overall 
 
                            1    0.25000    0.25000    0.33333    0.27273 
                            2    1.00000    0.50000    0.00000    0.36364 
                            3    0.00000    0.50000    0.66667    0.36364 
                            4    0.00000    0.25000    0.00000    0.04545 
                            5    0.00000    0.00000    0.00000    0.00000 
                            6    0.00000    0.00000    0.16667    0.18182 
                            7    0.00000    0.00000    0.00000    0.00000 
                            8    0.00000    0.00000    0.00000    0.00000 
                            9    0.00000    0.25000    0.33333    0.13636 
                           10    0.25000    0.00000    0.00000    0.04545 
                           11    1.00000    0.66667    1.00000    0.75000 
                           12    0.00000    0.00000    0.00000    0.09091 
                           13    0.00000    0.50000    0.50000    0.31818 
                           14    0.00000    0.25000    0.00000    0.09091 
                           15    0.00000    0.00000    0.00000    0.05263 
                           16    0.50000    1.00000    0.33333    0.36842 
                           17    0.00000    0.00000    0.16667    0.05000 
                           18    0.00000    0.50000    0.33333    0.22727 
                           19    0.00000    0.00000    0.00000    0.00000 
                           20    0.50000    0.25000    0.00000    0.10000 
                           21    0.50000    0.50000    1.00000    0.45455 
                           22    0.00000    0.00000    0.00000    0.00000 
                           23    0.25000    0.33333    0.16667    0.14286 
                           24    1.00000    0.25000    0.00000    0.30000 
                           25    1.00000    0.75000    0.33333    0.57143 
                           26    0.25000    1.00000    0.50000    0.47619 
                           27    0.00000    0.25000    0.00000    0.09091 
                           28    0.00000    0.25000    0.00000    0.04545 
                           29    0.00000    0.50000    0.66667    0.30000 
                           30    0.00000    0.00000    0.00000    0.09091 
                           31    0.00000    0.25000    0.00000    0.04545 
                           32    0.25000    0.33333    0.16667    0.25000 
                           33    0.25000    1.00000    0.83333    0.63636 
                           34    0.00000    0.25000    0.00000    0.09091 
                           35    0.00000    0.50000    0.16667    0.18182 
                           36    0.50000    0.50000    0.16667    0.27273 
                           37    0.00000    0.00000    0.00000    0.00000 
                           38    0.66667    0.00000    0.50000    0.23810 
                           39    0.00000    0.00000    1.00000    0.31818 
                           40    0.00000    0.50000    0.33333    0.18182 
                           41    1.00000    0.25000    0.00000    0.31818 
                           42    0.00000    0.00000    0.16667    0.04762 
                           43    0.00000    0.00000    0.00000    0.04545 
                           44    0.00000    0.00000    0.00000    0.00000 
                           45    0.00000    0.00000    0.00000    0.00000 
                           46    0.00000    0.00000    0.33333    0.18182 
                           47    0.00000    0.50000    0.50000    0.22727 
                           48    0.75000    0.25000    0.00000    0.31818 
                           49    0.50000    0.00000    0.16667    0.20000 
                           50    0.00000    0.25000    0.00000    0.09091 
                           51    0.33333    0.66667    0.16667    0.40000 
                           52    0.00000    0.75000    1.00000    0.47619 
                           53    0.00000    0.00000    0.16667    0.04545 
                           54    0.00000    0.50000    0.00000    0.09091 
                           55    0.00000    0.00000    0.16667    0.04762 
                           56    0.50000    0.00000    0.16667    0.14286 
                           57    0.50000    0.50000    0.83333    0.59091 
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                                   Subscale and Overall Scores 
                                                                   
                           Id#   SubscoreA  SubscoreB  SubscoreC  Overall 
 
                           58    0.50000    0.75000    0.83333    0.50000 
                           59    0.00000    0.75000    0.83333    0.40909 
                           60    0.75000    0.75000    0.50000    0.59091 
                           61    0.33333    0.50000    0.66667    0.38095 
                           62    0.25000    0.00000    0.00000    0.13636 
                           63    0.00000    0.75000    0.16667    0.18182 
                           64    0.00000    0.75000    0.16667    0.18182 
                           65    0.00000    0.00000    0.00000    0.04545 
                           66    0.25000    0.00000    0.00000    0.04545 
                           67    0.00000    0.00000    0.16667    0.04762 
                           68    0.00000    0.66667    0.33333    0.30000 
                           69    0.00000    0.00000    0.16667    0.09091 
                           70    0.00000    0.00000    0.00000    0.00000 
                           71    0.00000    0.25000    0.16667    0.10526 
                           72    0.00000    0.25000    0.00000    0.04762 
                           73    0.00000    1.00000    0.33333    0.40909 
                           74    0.00000    0.25000    0.00000    0.04545 
                           75    0.00000    0.33333    0.33333    0.21053 
                           76    0.66667    0.50000    0.83333    0.52632 
                           77    0.00000    0.00000    0.50000    0.14286 
                           78    0.25000    0.50000    0.00000    0.18182 
                           79    0.00000    0.00000    0.16667    0.13636 
                           80    0.25000    0.00000    0.00000    0.04545 
                           81    0.25000    0.50000    0.16667    0.31818 
                           82    0.25000    0.00000    0.16667    0.13636 
                           83    0.00000    0.50000    0.33333    0.27273 
                           84    0.00000    0.00000    0.16667    0.05882 
                           85    0.00000    0.50000    0.00000    0.09091 
                           86    0.00000    0.25000    0.00000    0.18182 
                           87    0.00000    0.00000    0.33333    0.09091 
                           88    0.00000    0.50000    0.00000    0.09091 
                           89    0.00000    0.00000    0.00000    0.00000 
                           90    0.00000    0.00000    0.00000    0.00000 
                           91    0.00000    0.00000    0.00000    0.04762 
                           92    0.00000    0.25000    0.00000    0.04545 
                           93    0.00000    0.00000    0.00000    0.00000 
                           94    0.00000    0.25000    0.33333    0.14286 
                           95    0.00000    0.50000    0.33333    0.18182 
                           96    0.00000    0.00000    0.83333    0.22727 
                           97    0.00000    0.25000    0.33333    0.22727 
                           98    0.25000    0.25000    0.50000    0.23810 
                           99    0.25000    0.00000    0.00000    0.04545 
                          100    0.75000    0.33333    0.33333    0.40000 
 
 
 
 
 
 
